Septic cardiomyopathy is commonly encountered in patients with severe sepsis and septic shock. This study explores whether novel global and segmental echocardiographic markers of myocardial deformation, using two-dimensional speckle tracking, are associated with adverse sepsis outcomes. We conducted a retrospective observational feasibility study, at a tertiary care centre, of patients admitted to the ICU with a diagnosis of sepsis who underwent an echocardiogram within the first week of sepsis diagnosis. Data were collected on chamber dimensions, systolic and diastolic function, demographics, haemodynamics, and laboratory parameters. Global and segmental left ventricular longitudinal strain (LVLS) and tissue mitral annular displacement (TMAD) were assessed on 12 left ventricular segments and six mitral annulus segments in apical views, respectively. We explored associations of abnormal LVLS and TMAD with duration of mechanical ventilation, hospital length of stay, and mortality. Fifty-four patients were included. Global LVLS was not associated with any of the primary study endpoints. However, reduced systolic LVLS of the basal anterior segment was associated with in-hospital mortality. There was a suggestion that patients with a reduced global TMAD were associated with an increased risk of mortality and a short length of hospital stay but these associations were not statistically significant. Reduced global LVLS was associated with lower ejection fraction. Reduced global TMAD was associated with reduced global and segmental LVLS, reduced left ventricular ejection fraction, and increased left ventricular end-systolic and end-diastolic volumes. Speckle-tracking echocardiography can be performed feasibly in patients in sepsis. Global and segmental left ventricular deformation indices are associated with ejection fraction. Further studies need to evaluate the ability of these new indices to predict sepsis outcomes.
Sepsis-induced cardiomyopathy (SIC) is a common morbid condition that manifests in patients with severe sepsis and septic shock. Most of the literature on SIC is derived from single-centre and small observational studies that suffer from conceptual, technical and design flaws. For example, the majority of studies have appraised ventricular function in a global manner using indices such as ejection fraction (EF) and cardiac index, measured via technologically limited tools and at inconsistent timepoints of disease progression, with less of an appraisal of the contribution of myocardial geometry to the mechanical function of the heart [1] [2] [3] [4] [5] . Our group has comprehensively described these limitations in a recently published review 6 . As a result of these shortcomings, there has not been a consensus on the characterisation of SIC.
In recent years, speckle-tracking echocardiography (STE) technology has evolved as a non-invasive, angle-independent method of appraising the deformation of different layers of myocardial fibres overcoming the limitations of tissue Doppler imaging and of global markers previously used in appraising SIC.
Left ventricular systolic longitudinal strain (LVLS), a measure of the segmental longitudinal deformation of the ventricle, has been shown to be a superior measure of ventricular ischaemia, fibrosis, and hypertrophy, compared to more global indicators of left ventricular (LV) systolic function, such as EF 7 . In brief, speckle-tracking imaging tracks the unique speckles (known as 'kernels') that make up the myocardium, caused by characteristic interferences of ultrasound wave reflection 8 .
Interestingly, in a recent study in a paediatric population with septic shock, speckle-tracking imaging was shown to detect impaired myocardial performance that was not revealed by EF measurement 9 . Two recent studies using STE in adults with severe sepsis suggested that LV diastolic dysfunction and right ventricular (RV) systolic dysfunction 10 or severe RV free wall longitudinal strain impairment 11 were associated with sepsis mortality.
Tissue mitral annular displacement (TMAD), another novel measure quantifiable with speckle-tracking technology to assess the LV longitudinal systolic function by tracking positions across the mitral valve annulus in systole, provides a rapid assessment of LV longitudinal systolic function and does not require high-quality images 17 . Studies have demonstrated that TMAD may have an important clinical value in early diagnosis, progression and response to therapy in numerous cardiovascular diseases [12] [13] [14] .
Since no prior studies have explored the role of TMAD using speckle-tracking technology in patients with sepsis, the present study aimed to explore the feasibility of, and association between, LVLS and TMAD as measures of longitudinal global and segmental LV systolic function, and outcome in adult patients with sepsis. Our study hypothesis was that reduction in LV global or segmental systolic strain and/or TMAD is associated with any of the following endpoints: hospital mortality, hospital and ICU lengths of stay, and duration of mechanical ventilation in patients with severe sepsis.
Methods

Study population
This observational study was conducted at Harborview Medical Centre, University of Washington, after approval by the University of Washington Institutional Review Board (Application No.: 42540). The study included adult patients admitted to any ICU between 1 January, 2008, and 31 December, 2011, with a diagnosis of sepsis and/or septic shock 15 who underwent an echocardiogram within the first week of their ICU stay. Exclusion criteria were age <18 years, chronic persistent atrial fibrillation, history of systolic congestive heart failure (EF <40%), echocardiographydiagnosed valvular heart disease or valve replacement/s, implanted devices (pacemakers and/or implantable cardioverter defibrillators), and poor echocardiographic views (as agreed upon by two authors).
Data collection
Data were extracted from patients' electronic medical records and included age, gender, year of admission, type of ICU admission, comorbid conditions, Sequential Organ Failure score in the first 24 hours of admission and on the day of echocardiography, and the time from the diagnosis of sepsis to the first echocardiographic exam. Clinical data such as haemodynamic data (heart rate, blood pressure, central venous pressure, cardiac index, systemic vascular resistance), type and amount of resuscitation fluid used, urine output, and net fluid balance were collected for the first 24 hours of ICU admission. Laboratory data included complete blood count, metabolic panel, serum albumin, serum troponins, arterial lactate, arterial blood gases, and alveolar-arterial oxygen tension difference during the first 24 hours of ICU admission. Vital signs including heart rate and arterial blood pressure (systolic, diastolic and mean) during the echocardiographic exam were obtained from the echocardiography report. Alcohol usage was also noted. 
Echocardiographic data
Conventional echocardiographic study
Echocardiographic exams were performed using Philips iE-33 (Philips Medical Systems, Andover, MA and Bothell, WA, USA). The following data were obtained from the report: electrocardiograph, left atrial area, longitudinal and transverse dimensions, LV and RV end-systolic and enddiastolic transverse and longitudinal dimensions, LV EF, transmitral inflow velocity waveforms as recorded by pulsed-wave Doppler, left upper pulmonary venous velocity waveforms as recorded by pulsed-wave Doppler, lateral mitral annular tissue velocity as obtained by tissue Doppler imaging, ratios of early (E) to late (A) diastolic trans-mitral inflow velocity (E/A), and of early lateral mitral annular tissue velocity (E') to early diastolic trans-mitral inflow velocity (E), E/E'. Fractional area change and inferior and interventricular septal wall thickness were also obtained.
Post-processing echocardiograph analysis
Prior to performing the echo analyses, the investigator on the study was trained on the Xcelera software (Philips Medical Systems, Amsterdam, The Netherlands) by the vendors. Training was in the form of an off-site, two-day course as well as an on-site, full-day hands-on experience. The primary investigator performed the post-processing analysis STE using dedicated software (Xcelera), using the Philips QLAB version 4.1 cardiac motion quantification software (Philips Medical Systems, Amsterdam, The Netherlands). Images with maximum frame frequency (>50 frames/second) were selected for analysis.
The timing of mitral and aortic valve opening and closure to mark the different phases of the cardiac cycle was derived from spectral Doppler flow and the electrocardiograph. Afterward, the LV was divided into 16 segments as proposed by the American Society of Echocardiography 16 . Overall, for each patient we analysed 18 segments including: basal, mid and apical segments of the septal and lateral walls from the four-chamber view; inferior and anterior walls from the twochamber view, and the inferolateral and anteroseptal walls from the three-chamber view. STE curves were then obtained in a semi-automated manner after manual tracing of the whole endocardial border, and subsequent generation of the corresponding regions of interest by the software. Measures obtained from three cardiac cycles were averaged to reduce noise and artefact errors. Once the correct recognition of the speckles by the software was assessed, the operator could choose to accept or reject the segments with suboptimal tracking after trying to manually adjust the borders to obtain a better tracking of the speckles. We decided not to measure the apical segments from the speckle-tracking analyses, given the consistent poor resolution of images acquired from these segments and the inability of the software to track them adequately. This resulted in 12 segments available for the analyses.
The average of values of all segments was then calculated and defined as the mean peak longitudinal systolic strain of the LV. By convention, shortening was given a negative value. Normal values of LVLS of ≤-15% (i.e. more negative or equal to) were based on published guidelines 17 .
The TMAD was measured in apical four-and two-chamber views using a two-dimensional (2D) strain-based tissuetracking technique. Mitral annular motion was measured offline in the apical four-and two-chamber views using QLAB. For the evaluation of TMAD, we selected three regions of interest: 1) at the hinge points of the mitral valve leaflets to the septal and lateral walls for the apical fourchamber view; 2) at the anterior and inferior walls of the mitral annulus for the apical two-chamber view; and 3) at the LV apical endocardium. After setting the regions of interest, tracking was performed automatically. The degree of TMAD was then automatically calculated as the average of the baso-apical displacement of the hinge points of the mitral annulus as well as the midpoint between the hinge points (mm). Midpoint displacement was normalised to, and depicted as, a percentage of the LV long axis at end-diastole (TMAD midpoint %). The mean of three measures obtained during three cardiac cycles was used for the analysis. TMAD was evaluated on a global (average of all six segments) and segmental basis (individual segments in each of the apical four-and two-chamber views). A TMAD of ≥10 mm was considered normal 18 . 
Study endpoints
The study endpoints were duration of mechanical ventilation, ICU and hospital lengths of stay, and in-hospital mortality.
Statistical analysis
Demographics, baseline characteristics, adverse outcomes and echocardiographic measures were summarised using descriptive statistics (mean and standard deviation [SD] or frequency and percentage). Longitudinal strain and global TMAD were dichotomised as normal (LVLS ≤-15 mm/second, TMAD ≥10 mm) and abnormal (LVLS >-15 mm/second [i.e. less negative], TMAD <10 mm) and comparisons between groups were performed using a two-sample Student's t-test for continuous variables and chi-squared test (or Fisher's exact test) for categorical variables. If the assumptions of the statistical test were not met, an appropriate transformation was applied. The same procedures were used to test for associations between mortality and patient characteristics. Pearson's correlation analysis was performed to explore the relationships of selected echocardiographic variables. A P-value <0.05 was considered statistically significant in two-tailed statistical tests. We did not correct for multiple comparisons since these analyses were exploratory in nature and performed using a small sample with high levels of missing values for several variables.
Intra-and inter-observer variability
The investigators, in a blinded fashion, abstracted echocardiography data. To ensure the accuracy and validity of echocardiographic readings, a random sample of 20 echocardiographic examinations for the estimation of TMAD and strain parameters were reviewed by the principal investigator at two reasonably spaced timepoints. The same evaluation procedure was also performed by a co-investigator who was blinded to the clinical information and to the initial measurement, had undergone the same training on the software, and performed these analyses on a routine daily basis in his echocardiography laboratory. Intra-class correlation coefficient was computed to assess the interand intra-observer reliability 19, 20 . An intra-class correlation coefficient score of 0.75 or higher was considered as an acceptable reliability for our quality-control criterion.
All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA) software and the graphic presentation was created by R 3.0.2.
Results
Study population
A total of 97 patients were identified. Of those, 43 patients did not meet eligibility criteria and were excluded, leaving 54 patients for final analysis with echocardiograms performed within the first week of ICU admission (Figures 1 and 2) . After excluding poor-quality images, the intra-class correlation coefficients for imaging quality within and between both echocardiographers passed our quality control criteria. Specifically TMAD was shown to have higher intra-and inter-rater reliability than global longitudinal strain (Table 1) . Demographic and clinical characteristics of the sample by LVLS and TMAD groups are shown in Tables 2 and 3 . Overall, 74% of the patients had abnormal LVLS (>-15%) and 59% of the patients had abnormal TMAD (<10 mm). No significant differences were found in demographic and clinical characteristics, based on normal or abnormal LVLS values. Compared with patients with normal TMAD, those with abnormal TMAD tended to have higher weight (kg) (89.3 ± 27.8 versus 73.8 ± 22, P=0.036), higher central venous pressure (mm Hg) (10.4 ± 3.8 versus 7 ± 3.8, P=0.02), and higher positive 24-hour fluid balance (2.1 ± 0.8 versus 1.7 ± 0.7 litres, P=0.024). Patients with abnormal TMAD tended to have a higher sequential organ failure assessment score on the day of echocardiography compared with patients with normal TMAD.
Primary analyses: echocardiographic variables of interest and study endpoints
Left ventricular systolic longitudinal strain
There was no significant difference in mortality, hospital or ICU length of stay, or duration of mechanical ventilation between patients with abnormal and normal LVLS. There was a suggestion that abnormal LVLS was associated with a higher hospital mortality compared to those with a normal LVLS but this was not statistically significant ( Table 2) . Table 1 Inter-rater and intra-rater reliability for TMAD and GLS 
Tissue mitral annulus displacement
There was no significant difference between abnormal and normal groups in the study endpoints. There was a suggestion that abnormal TMAD group was associated with a higher hospital mortality, a shorter hospital and ICU stay, as well as fewer days on mechanical ventilation, compared with the normal TMAD group (Table 3 ).
Exploratory analyses: characterisation of echocardiographic variables
Global indices
The following global echocardiographic variables were significantly different between patients with abnormal versus normal LVLS ( Table 3 Patients' demographic and echocardiographic characteristics and study endpoints stratified by Tissue Mitral Annular Displacement (TMAD) ± 12.7 versus 57.4 ± 5.9, P <0.003) were lower in the abnormal compared with the normal LVLS group. LV endsystolic and diastolic volumes and endocardial fractional shortening tended to be larger in the abnormal versus the normal LVLS group.
The following global echocardiographic variables were different in patients with abnormal versus normal TMAD (Table 3) : EF (47.5% ± 13.1 versus 57.3 ± 5.6, P=0.001), endocardial fractional shortening (30.8% ± 11.8 versus 39.1 ± 10.6, P=0.02), global LVLS (-7.5% ± 3 versus -13.9 ± 4.3), and LV end-diastolic (110.8 ml ± 51.4 versus 85.2 ± 29.5, P=0.03) and end-systolic volumes (69.1 ml ± 38.1 versus 39.3 ± 19, P <0.001), which were all lower in the abnormal TMAD group.
We found significant correlations between global TMAD and both global LVLS (r=-0.682, P <0.001) and EF (r=0.718, P <0.001). Similarly, between global LVLS and EF (r=-0.703, P <0.001) and fractional area shortening and LV end-systolic volume (r=-0.794, P <0.001, Figure 3 ).
Regional indices
All six TMAD segments (anterior, inferior, anteroseptal, inferolateral and midpoint in each of apical four and apical two windows) were significantly reduced in the abnormal LVLS group (P <0.001) ( Table 2 ). The following segmental strains were significantly reduced in the abnormal compared to the normal TMAD group: and basal anterolateral inferior (P <0.001); and mid-segments (mid-inferior, P <0.001, midinferolateral, P=0.03, mid-inferoseptal, P=0.02), with the exception of mid-anterior and mid-anteroseptal segments.
Segmental LVLS and TMAD inversely correlated with LV diastolic function. Mid-anterior segmental strain positively correlated (r=0.36, P=0.04), while anterolateral TMAD at apical four-chamber (r=-0.37, P=0.03), anterior (r=-0.38, P=0.03) and midpoint TMAD (r=-0.38, P=0.03) at apical twochamber window inversely correlated with LV lateral mitral annular E/E' ratio ( Figure 4 ).
Only Sequential Organ Failure score on the day of echocardiography and LV basal anterior segmental longitudinal strain were significantly associated with increased hospital mortality (P=0.01) ( Table 4 ).
Echocardiographic variables and serum biomarkers
There was no correlation between global and segmental LVLS and TMAD and either serum troponin and lactate. 
Discussion
This study highlights the importance of and the complementary role played by global and segmental indices of LV deformation in characterising sepsis-induced cardiac dysfunction and predicting outcomes in patients with severe sepsis and septic shock. We found that reduction in both global and segmental LVLS and TMAD correlated with systolic and diastolic dysfunction in patients with septic shock. Additionally, reduced longitudinal strain of the basal anterior segment was associated with an increase in hospital mortality and there was a suggestion that reduced LV global TMAD may be associated with increased hospital mortality. Taken together, the association of reduced TMAD with increased fluid balance can lead us to hypothesise that an increase in venous return leads to an increase in LV volumes, impairing diastolic function and hence, TMAD. The present fact highlights that these patients, with high circulating blood volume, operate on the flat part of the Frank-Starling curve. From a physiological point of view, it is well known that the plateau part of the curve is associated with a major decrease in both LV compliance and LV longitudinal shortening. It is to be mentioned, however, that at this stage this assumption is only hypothesis-generating, given the different timepoints at which echocardiographic assessment was performed in relation to time of collecting data on fluid balance.
In recent years, there has been an increased interest in applying advanced echocardiographic techniques such as speckle tracking in characterising LV function in sepsis. Speckle-tracking technology is a feasible technique in studying the cardiac function of the critically ill since it relies on software analysis of conventional bedside echocardiographic examinations. Different vendors provide training on speckle tracking. With speckle-tracking technology, it is now more feasible to obtain information about myocardial deformation only obtainable in the past by cardiac magnetic resonance imaging. Global longitudinal strain measured by speckletracking echocardiography has gained popularity, in part, due to the longitudinal arrangement of the more vulnerable subendocardial fibres of the LV across this plane of motion, thus potentially representing an early marker of LV systolic dysfunction in sepsis. While the concept of measuring the global longitudinal strain as a marker of tissue deformation is appealing, global patterns may mask severely diseased segments that may not be demonstrated in the calculation of a global index. However, longitudinal strain measurements require high-quality images and are both time-consuming and operator-dependent 5 . In this study, we sought to use TMAD, in conjunction with LVLS, as less time-consuming yet sensitive markers of LV systolic function. We sought to use TMAD both as a global and as a segmental index of LV systolic function to assess its ability to predict adverse outcomes in severe sepsis and septic shock. To our knowledge, our study is the first to report on TMAD using STE in this patient population. Novel enough, our study proved that TMAD has a higher inter-and intra-observer reliability than LVLS in a busy clinical ICU setting. It is also the first study to report on the relationship between both global and segmental TMAD and LVLS and relevant sepsis outcomes. In this regard, a reduction in both global and segmental TMAD significantly correlated with a reduction in LVLS and EF. The mitral annulus is part of the fibrous skeleton of the heart to which longitudinally arranged fibres that span the distance between the base and the apex are attached. During systole these fibres shorten to move the base closer to the apex, rather than the reverse. It is therefore reasonable to assume, with the apex being a reference point, that TMAD reflects the longitudinal displacement of the heart during systole and diastole. It has been suggested that longitudinal shortening accounts for greater than 70% of the EF 21 . Our findings are consistent with other studies that have shown TMAD to be an earlier marker of systolic dysfunction than EF in multiple settings 12 . As TMAD is related to longitudinal displacement, it is reasonable to find a correlation between the present marker and LVLS globally and/or segmentally. Indeed, impaired shortening (strain) of segments between LV base and apex may, in part or in total, impair the longitudinal displacement of the mitral annulus from base to apex.
Only a few studies have used STE to investigate the relationship between ventricular dysfunction in sepsis and outcomes. A recent study performed by Landesberg et al 10 demonstrated, using 3D STE, that an increase in RV endsystolic volume index as well as an increase in LV trans-mitral to mitral annulus strain rate ratio were both associated with increased serum troponins and in-hospital mortality. Our study is different from that of Landesberg et al in that the latter used 3D echocardiography to assess biventricular volumes. Because it assesses the heart in its entirety, 3D volumetric assessment is more accurate, more reproducible and more sensitive to the complex ventricular structure compared with 2D echocardiography 22 . It is to be mentioned though, that 3D speckle tracking provides a more complete, in plane and faster strain tracking compared with 2D speckle tracking, yet at the expense of a lower temporal resolution 23, 24 . The superior versatility of 2D speckle tracking-measured strain rate used in Landesberg et al compared with tissue Doppler imaging used in our study may explain the difference in detection of diastolic dysfunction in Landesberg et al's study compared to ours. Importantly, Landesberg et al's study explored the association between global strain and mortality, it did not measure TMAD, nor did it measure segmental strain values of the LV. While we did not find an association between global LVLS and mortality, reduction of the basal anterior segmental strain was associated with increased mortality. The present finding is of interest as the LV base is the site of the higher peak systolic radial velocities of the anterior and inferior segments 25 , suggesting the relatively higher dynamics of anteroposterior versus lateral ventricular wall motion in systole 25 . Likewise, there was a suggestion of an increase in mortality in patients with abnormal TMAD. The association between segmental strain and sepsis outcomes needs to be explored in future studies.
Failure of global LVLS to predict mortality in patients with septic shock is consistent with recent observations by de Geer et al 26 who demonstrated that global LVLS correlated with initial LV EF, and that it did not differentiate between survivors and non-survivors. The lack of an association between mean peak systolic LV strain and mortality was also recently reported in a study by Orde et al 11 using STE to measure biventricular longitudinal strains. The authors observed that speckle tracking unmasked biventricular systolic dysfunction that was not detected by EF. Severe reduction in RV free wall strain, but not LV systolic strain, was associated with six-month mortality.
Our study also demonstrated a significant inverse correlation between fractional area shortening and LV end-diastolic volume, highlighting the relationship between ventricular dimension and contractility. This concept has been termed 'preload adaptation' and has been variably reported and debated in patients with sepsis-induced cardiac dysfunction, and the relationship between chamber dimensions and function, and survivorship, has been an inconsistent finding in studies describing sepsis-induced cardiac dysfunction [1] [2] [3] [4] . Our study demonstrates that an increase in LV end-diastolic volumes had no relationship with mortality. In contrast to the studies by Parker et al 1 , Vieillard Baron et al 4 , and Bouhemad et al 3 , we did not perform serial echocardiographic exams, but we used the more advanced speckle-tracking methodology to assess left ventricular function. As a result of our protocol, we might have missed a change in chamber size during the course of sepsis. Differences in study design, timepoints of echocardiographic exams, and in the follow-up of patients with sepsis, as well as differences in the tools of assessing cardiac function largely explains the inconsistency in chamber sizes and their relationship to mortality. Our results are in line with a recent meta-analysis 27 , which assessed the relationship between biventricular function, dimension and mortality in over 700 patients with severe sepsis and septic shock. The authors demonstrated that there were no significant differences in biventricular EF between survivors and nonsurvivors of severe sepsis and septic shock. The authors also demonstrated that indexed biventricular dimensions were not significantly different between survivors and non-survivors. Non-indexed LV dimensions were significantly larger in survivors compared with non-survivors. However, this metaanalysis did not include recent studies that used speckletracking technology to assess ventricular strain as a surrogate of ventricular function.
Our study did not identify a correlation between echocardiographic variables and serum troponins. This finding is in contrast with the findings of Bouhemad et al 3 who demonstrated an association between LV end-diastolic area and serum troponins independent of kidney function. It is also in contrast with Landesberg et al 10 who demonstrated an association between RV end-systolic volume index and serum troponins. Elevated cardiac troponins have been associated with LV systolic dysfunction in severe sepsis and septic shock 28 and have been associated with the duration of hypotension, the intensity of vasopressor therapy, and higher mortality 29 . Despite reports of elevated troponins, there has been no evidence of myocardial structural necrosis or cell death in human hearts with sepsis-induced cardiac dysfunction 30 or animal models of septic shock 31 , therefore attributing their elevation to an increase in myocardial membrane permeability in response to inflammatory mediators 32 . Moreover, an organ dysfunction like acute renal failure, which is commonly associated with septic shock, may explain all these inconsistencies. More studies are needed to demonstrate the effects of the relationship between serum troponins and markers of ventricular deformation in sepsis.
Our study has several limitations. Our study design was retrospective in nature, had a relatively small sample size, and relied on 2D technology in assessing ventricular volumes. In addition, we used tissue Doppler technology in assessing diastolic dysfunction. The software version used to perform speckle tracking led to exclusion of many images. The use of TMAD, however, overcomes this shortcoming since it does not require high-quality images, is relatively faster, and is reliable to acquire. In the present study, we did not measure RV strain, or RV EF. It is important to highlight the timing and the retrospective nature of our study, which might have played a role in the difference between our study and that of Landesberg et al's 10 . Due to the retrospective nature of the study, we included echocardiographic examinations performed within the first week of ICU admission and not necessarily within the first 24 hours of diagnosis of severe sepsis and septic shock. Additionally, it was not possible to serially follow the progression and resolution of sepsis, or to ascribe the findings of this study to a particular stage of sepsis progression. Another consequence of the retrospective nature of the study was that the fluid and vasopressors were managed by the primary care teams. However, at our institution we have a standardised protocol for the management of sepsis. Also, owing to the retrospective nature of the study, we were unable to perform a time-to-event (death) analysis which might have confirmed the association between shorter lengths of hospital and ICU stay and hospital mortality in the abnormal TMAD group. Additionally, since the study was not adequately powered to study mortality and since given the lack of agreement between vendors on values of segmental strain, the relationship between basal anterior segmental strain and mortality should be interpreted with caution and is hypothesis-generating at the present time.
Conclusion
The present study demonstrates that STE is a feasible option in critically ill patients, and that TMAD might be a less time-consuming option for assessing cardiac systolic function. This study also shows that there is a decline in global and segmental TMAD and LVLS in a population of patients with sepsis. We found a correlation between global and segmental TMAD and LVLS and echocardiographic indices of systolic and diastolic function. Future echocardiographic studies should prospectively study both segmental and global echocardiographic indices and the relationship with biomarkers of cardiac dysfunction at different stages of the sepsis progression.
